Materials and methods

PATIENTS AND CONTROLS
Testing was performed in 34 patients with JRA at the Oslo Sanitetsforening's Hospital for Rheumatic Diseases, Oslo, Norway, and in 34 age-and sex-matched healthy non-hospitalized children during the period September, 1971, to February, 1972 . In both groups the mean age was 9 1 yrs (range 2 to 16). The age difference in each patient and matched control pair was less than 1 year. The ratio of the number of females to the number of males was 1 8.
The diagnosis ofJRA was based on the criteria of Ansell and Bywaters (1969) . 56 per cent of the patients had the polyarticular, 29 per cent. monarticular, and 15 per cent. acute febrile disease type according to the criteria of Calabro and Marchesano (1968) . 22 patients were classified as active and twelve as inactive according to the criteria of Ansell and Bywaters (1959) . The majority of the patients was classified as belonging to anatomical stage II and functional class II (Steinbrocker, Traeger, and Batterman, Accepted for publication January 1, 1973 1949). The mean duration of disease was 2-9 yrs (range 0 3 to 12). Rheumatoid factor in the serum was found in three patients (9 per cent.) by the Waaler-Rose test and in seven patients (21 per cent.), by the latex slide test (Hyland, Los Angeles, Calif., U.S.A.), whereas only one male control had a positive latex slide test. Twelve patients (35 per cent.) had antinuclear antibodies in their sera when examined by the indirect immunofluorescence test. Positive tests were significantly (P < 0 02) more frequent in female patients (50 per cent.) than in male patients (8 per cent.). None of these twelve patients had a positive LE test. None of the controls had detectable antinuclear antibodies in their sera. The sex ratio, age-, and type-distribution and frequency of pathological serological phenomena in the present study conform with those in larger clinical materials Bluestone, Goldberg, Katz, Marchesano, and Calabro, 1970) .
Five patients (15 per cent.) had amyloidosis found by Congo red staining and immunofluorescence staining of preparations from liver and/or kidney biopsies. One male patient had hypogammaglobulinaemia with reduced IgG and undetectable IgA. The mean erythrocyte sedimentation rate in the patient and control groups was 44-1 and 5-9 mm. respectively. At testing there was no significant difference between the number of lymphocytes in the peripheral blood in the patient and control groups, 3200 and 3300 cells/mm.3, respectively. During testing 32 patients received one or more of the following drugs: salicylates, hydroxychloroquine, prednisone, gold, and azathioprine. The number of patients on each drug and the dosages given are shown in Table IV. SKIN TESTING All individuals were injected intradermally on the volar aspect of the forearm with 0.1 ml. of the following antigens diluted in physiological saline with 0-5 per cent. phenol:
(1) Candida albicans (Dermatophytin 'O' from Hollister Stier, Yeandon, Penn., U.S.A.) diluted 1:100. (Diem, 1962) was used when comparing the reactivity to each antigen and the combined score in the patient and the matched control group. When comparing the reactivity in two groups of non-paired individuals, e.g. female and male individuals, the Wilcoxon test for two samples was used. The significance of a correlation between the combined score and age was tested by linear regression analysis. Results The means of the diameters of erythema and induration at the time of greatest reactivity are given in Table I . For Candida albicans, streptokinase-streptodornase, and PPD, both erythema and induration were greatest after 48 hrs, for mumps virus and Brucella abortus Bang after 24 hrs and for trichophytin after 4 hrs. As an example, the reaction pattern to the Brucella antigen is given in Fig. 1 34 4 9 ± 6-6 2-1 + 4 0 6-3 ± 9-1 2-6 ± 6-4 streptodornase 400 SK/ml. 28 9-1 + 5 4 3-5 ± 5-5 10-0 ± 9-4 4-5 + 5-5
Mumps virus Undiluted 34 13-7 + 7-1 9-5 ± 5 6 20-7 ± 7-7 16-2 ± 8-1
Brucella abortus 2-107 bact./ml. 34 14-0 ± 6-6 7-7 ± 4 9 21-4 + 6-2 12-4 + 7-1
Purified protein derivative 30 TU/ml. 34 20 ± 42 1 1 + 4-0 3-8 ± 7-5 2-9 ± 6-3
The mean reaction to each of the remaining five antigens was lower in the patients than in the controls (Tables I and II) . For Candida albicans, the difference between the reactivity in the patient and the control groups was not statistically significant. Even in male patients, having only half the reactivity of male controls, the difference was not significant. For streptokinase and streptodomase the difference between the reactivity in patients and controls was also not significant, but male patients had significantly lower induration than male controls. The reactivity to mumps virus and Brucella abortus Bang was significantly lower in the patient than in the control group. This was true for both female and male patients. The lower reactivity to PPD in the patient group than in the control group was not significant.
The total reactivity, expressed by the combined score, was significantly lower in the patients than in the controls. In the patient group ence in the total reactivity between the female and male patients, whereas male controls reacted more strongly than male patients (Fig. 2) . Choosing arbitrarily induration >5 mm. at 24 or 48 hrs as the limit for a positive reaction, the mean number of positive reactions for the five antigens was 2-9 and 3-3 in the patient and the control groups, respectively. This difference was statistically not significant.
Several factors were tested for their possible influence on the total reactivity, expressed by the combined score. Apart from the sex differences mentioned above, the reactivity was found to vary with age, the number of lymphocytes in the peripheral blood, and the grade of functional capacity. The reactivity increased with increasing age (Fig. 3, overleaf) .
A negative correlation was found between the combined score and the number oflymphocytes in the peripheral blood (Table III To obtain a semiquantitative method, a panel of antigens from bacteria, virus, and fungi was used and, at least for two of the antigens, in different dosages. A higher sensitivity than merely recording negative or positive reactions based on an arbitrarily chosen limit, was obtained by expressing the measured reactivity of the patients as a percentage of that of the controls. The variation in the results was relatively high. For most of the antigens completely negative reactions could be observed in both patients and controls.
The reactivity in vivo was found to vary with age, sex, number of lymphocytes in the peripheral blood, and functional capacity. The reactivity increased with increasing age. The difference in reactivity between patients and controls was generally greater in males than in females. This is in accordance with the findings of Hayes and others (1970) studying adults with RA. Age-and sex-differences should not influence the results in the present investigation as the reactivity in pairs of individuals with the same age and sex was compared.
The negative correlation between the reactivity and the number of lymphocytes was somewhat unexpected, but was consistent with observations by Panush and others (1972) . Possibly the number in the peripheral blood may not represent the number of There is probably no good parameter of disease activity in JRA. Therefore several clinical and laboratory parameters were tested for a possible relationship with delayed hypersensitivity. No definite relationship was found, apart from a more pronounced impairment of reactivity in the patients with low functional capacity.
Poor general health, especially starvation and malnutrition, can impair delayed hypersensitivity (Hayes and others, 1970; Geefhuysen, Rosen, Katz, Ipp, and Metz, 1971) . In the present study all individuals received adequate nutrition. Five of the patients, but none of the controls, were below the 2 5 percentile (length for age). However, their reactivity was not significantly lower than that of those with normal lengths for their ages.
It may be argued that the lower reactivity in the patient group could be due to drugs. When the reactivity in those patients receiving and those not receiving a certain drug was compared, there was no evidence for this. This conforms with the findings by Hayes and others (1970) for prednisone in patients with RA and the findings by Denman, Denman, Greenwood, Gall, and Heath (1970) that prednisone, chlorambucil, and azathioprine failed to suppress cellular immune reactions both in vivo and in vitro in patients with RA and JRA.
It has been suggested that individuals with low reactivity when testing for pre-existing delayed hypersensitivity, may be further evaluated by active sensitization with 2:4 dinitrochlorobenzene (DNCB) (Fudenberg and others, 1971) . Since DNCB may give unpleasant burn reactions, and subsequent testing may be difficult to interpret and is not positive in all healthy individuals (Turk, 1969) , only three patients with low reactivity have been tested. They all showed evidence of sensitization (Hoyeraal, unpublished results) . Panush and others (1972) found a dissociation of manifestations in vivo and in vitro of cellular immune reactions in half of a group of patients with JRA. A similar dissociation, significantly reduced activity by in vivo testing, but not by in vitro testing, of cellular immune reactions, has recently been reported in patients with systemic lupus erythematosus by Horwitz (1972) . Three patients with low combined score in the present study were therefore also tested by in vitro studies of lymphocyte reactivity (Hoyeraal and Froland, unpublished results) . Their lymphocytes responded normally to the unspecific mitogens phytohaemagglutinin, pokeweed mitogen, and concanavaline A, and on allogenic lymphocytes in the oneway mixed lymphocyte culture. Our results seem to be consistent with these findings.
The present results may indicate an impairment of delayed hypersensitivity in JRA. This could result from a T-lymphocyte defect. However, the DNCB sensitization and the in vitro experiments which indicated a normal T-cell reactivity might rather suggest a macrophage defect or a defect in the lymphokines or other mediators of inflammation. Theoretically, the reduced reactivity might be due to local factors in the skin. In the present study the skin appeared to be normal in all the individuals.
Defects in the humoral immunity may also occur in patients with JRA (Good, Rotstein, and Mazzitello, 1957) . Selective immunoglobulin deficiency of IgA is about ten times more frequent in patients with JRA than in healthy controls (Panush and others, 1972) . Measurements of humoral immunity in the patients and controls studied in the present report are in progress.
If an impairment of the immunological apparatus in patients with JRA exists, this could explain the increased tendency to infections by a variety of organisms experienced by rheumatoid patients (Huskisson and Hart, 1972 
